This Document Contains Page/s | 
Reproduced From Ap lp3 a] 23 


est Available Copy 


-~;—USAAVLABS TECHNICAL REPORT 68-898 wie 


"WIND TUNNEL TESTS OF THIN AIRFOILS 
OSCILLATING NEAR STALL 
o>, VOLUME tI \ | 
> | DATA REPORT \ 
2B 
eves 
— Jaan Liiva 


January 1969 


U. S. ARMY AVIATION MATERIEL LABORATORIES 
FORT EUSTIS, VIRGINIA 


CONTRACT DAAJO2-67-C-0095 
THE BOEING COMPANY 
VERTOL DIVISION \ 

PHILADELPHIA, PENNSYLVANIA 


‘ 
0 We a cee, a 


This document contains 
blank pages that were 
not filmed 


meee ect 


i] 
jone BUF HRT 


So eR RS UE RTF ET ee 


This Document Contains Page/s 


Reproduced From 
mest Available Copy 
Disclaimers 


The findings in this report are not to be construed as an official Depart- 
ment of the Army position unless so designated by other authorized 
documents. 


. When Government drawings, specifications, or other data are used for 
any purpose other than in connection with a definitely related Govern- 
ment procurement operation, the United States Government thereby 
incurs no responsibility nor any obligation whatsoever; and the fact that 
the Government may have formulated, furnished, or in any way supplied 
the said drawings, specifications, or other data is not to be regarded by 
implication or otherwise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights or permission, to 
manufacture, use, or sell any patented invention that may in any way be 
related thercto, 


Disposition Instructions 


Destroy this report when no longer needed. Do not return it to the 
originator. 


ee ee 


COLSON tar 
cPsTt WHITE BAC ICR 


S UNO SSCED o} 
 UCAT : 


ty eke 
ermecAoe ee Pr 
BIS! | AVAIL. ce Sagat 


TA 
This qd 
| | veament contains 


Dlank pa 
Jes that 
lake? | NOt Filmed were 


@ 


a oe ease 


emath 


PE EE See 


DEPARTMENT OF THE ARMY 


U. &. ARMY AVIATION MATEMEL LABORATORIES 
FORT EUSTIS. VIRGINIA 23604 


This report has been reviewed by the U. S. Army 
Aviation Materiel Laboratories and is considered 
to be technically sound. The report is published 
for the exchange of information and the stimulation 


of ideas. 


en ee 


PT a ee LV 

-AiS document contains 

7 a 

Ncank Pages that were 
' filmed 


\ 
This Document Contains Page/s 


eproduced From 
vest Available Copy 


Task 1F°162204A13903 
Contract DAAJ02-67-C-0095 
USAAVLABS Technical Report 68-89B 


January 1969 


WIND TUNNEL TESTS OF THIN AIRFOILS 
OSCILLATING NEAR STALL 


Final Report 


| eC lahat oni OS. Ripe a NEE sir, wanbtdll ead 


VOLUME ITI 


DATA REPORT 


rn coe eer ae 


D8-0925-2 


By 
Lewis Gray 
Jaan Liiva 


Prepared by 
THE BOEING COMPANY 
VERTOL DIVISION 
Philadelphia, Pennsylvania 
for 


U.S. ARMY AVIATION MATERIEL LABORATORIES 
FORT EUSTIS, VIRGINIA 


This document has been approved for public 
release and sale; its distribution is unlimited. 


“npaooagpegpn te tit we 


need 


| ea 


stelle ae Mbt et 


Fecteau se adaeadhaties lena), manasa cliente os tiaianh taeeee iadlaile iE oa 


a ee 


SUMMARY 


This report presents the detailed, final, computer-processed 
data from which the conclusions and summary in Volume I were 
drawn. A comprehensive index of the test conditions pertain-~ 
ing to the data listings is included. 


Sets of Cy- and Cy-versus-a and time-history data plots are 
included which present data supplementary to the main presen- 
tation of Volume I. 
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LIST OF SYMBOLS 
computer symbol] for [ane (aa) 2)? $ Cy da, work- 
per-cycle coefficient for pitching oscillation 


computer symbol for the instantaneous angle of 
attack, degrees 


computer symbol for angle of attack at CN(MAX), 
degrees 


computer symbol for a,, mean angle of attack, 
degrees 


computer symbol for Cy, pitching moment co- 
efficient, positive nose-up 


airfoil pitching moment coefficient about 
quarter-chord, positive nose-up 


computer symbol for minimum value of pitching 
moment coefficient attained during oscillation 


computer symbol for Cy, airfoil normal force 
coefficient, positive up 


airfoil normal force coefficient, positive up 


computer symbol for maximum value of normal 
force coefficient attained during oscillation 


computer symbol for differential pressure co- 
efficient 


computer symbol for Aa, amplitude of pitching 
motion, degrees 


computer symbol for amplitude of translatory 
Motion, based on first harmonic resultant term, 
measured in semichords 


computer symbol for f, drive frequency of airfoil 
motion in pitch or translation, Hertz 


computer symbol for damping ratio of friction and 
eddy-current damping, fraction of critical 
damping (does not include aerodynamic damping) 


drive frequency of airfoil motion in pitch or 
translation, Hertz 
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K computer symbol for k, reduced frequency 
k reduced frequency, nfc/V 
BM tunnel free-stream Mach number a 
MACH NO computer symbol for M, Mach number 2 
n PHI computer symboi for phase lead of response with ; 
respect to forcing motion for the nth harmonic, ° 
degrees : 
eae Q computer symbol for (oV2) /2, dynamic pressure, ‘ | 
: pounds per square foot : 
RES n computer symbol for magnitude of resultant for 7 
the nth harmonic i 
RN computer symbol for (pVC)/u, Reynolds number 
TDR computer symbol for the ratio of work~per-cycle 


3 coefficient te the theoretical value 
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TP computer symbol to identify test point | 
: TUNED HZ computer symbol for nominal value of airfoil | 
sSyetem resonant frequency, Hertz 
i Vv computer symbol for tunnel velocity, feet per | 
f second 
i x/C computer symbol for chordwise position measured 


from the leading edge as a fraction of the chord 


t a instantaneous airfoil angle of attack, positive 
; nose-up, degrees 


| 
: Ao Mean angle of attack, positive nose-up, degrees” | 
’ do amplitude of pitching motion, based on first 
t harmonic resultant term of a, degrec. 
. ACp differential pressure coefficient } 
6 pitching motion cyclic reference angle, degrees 
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INTRODUCTION 


The data plots included in this volume present Cy and Cy 
versus o and the average-cycle time histories of Cy, Cy, and 
4Cp for selected chord locations. 


The computer data listings for each oscillatory test point 
present data averaged over a minimum of ten consecutive data 
cycles. Airfoil pitch motion, differential pressure coeffi- 
cients at each chord location, and integrated normal force 
and pitching moment coefficients are presented in a truncated 
Fourier series analysis form up to the ninth harmonic for 
each data point. Test condition information, together with 
the aerodynamic damping and maximum normal force attained, is 
presented in the tables. 
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SUPPLEMENTARY DATA PLOTS 


Sets of dynamic Cy- and Cy-versus-a plots, followed by Cy, Cy, 
and ACp time history plots, are presented as a supplement to 
the main ciscussion in Volume I. These data illustrate sigqnif- 
icant aerodynamic behavior of each airfoil. The steady-Cy and 
-Cy characteristics have been included in each figure as dashed 
lines in order to show a comparative baseline for the dynamic 
data behavior. 


Cy AND C,, VERSUS a 


M 


Figures 1 through 5 present data on the normal force and pitch- 
ing moment coefficient variations with Mach number, mean angle 
of attack, and reduced frequency for the Vertol 13006-.7 and 
NACA 0006 airfoils. The data presented in these plots supple- 
ment the information in Figures 5 through 8 of Volume I, which 
how the effects of Mach number, reduced frequency, frequency, 

plitude of oscillation, and mean angle of attack on the 
airfoil aerodynamic behavior. Figures 1 and 2 show the effect 
gf Mach number variation on the Cy and Cw behavior when the 

irfoils are oscillating at a constant frequency about a mean 
angie of attack near the static stall point. Figures 3 and 4 
present, for each airfoil respectively, data on the Cy and Cy 
behavior with changes in mean angle of attack at a Mach number 
of 0.4. The frequency and the amplitude of oscillation are 
constant. Figure 5 prese..ts the same type of data at a Mach 
number of 0.6 for the Vertol 13006-.7 airfoil. The frequency 
of oscillation has been increased to keep the reduced frequency 
of Figure 5 consistent with that of Figures 3 and 4. 


CYCLE HISTORY OF Cy Cue AND 4c, 


Figures 6 through 12 present data on Cy, Cw, and dCp behavior 
for the two test airfoils during average oscillation cycles, 
and Figure 13 presents sequential chordwise ACp/Cy data for the 
Vertol 13006-.7 airfoil. Test conditions are shown on each 
figure. The data presented are typical of those encountered 
during pitch oscillations at mean angles of attack near those 
for static stall. The coefficients are plotted against the 
airfoil pitch reference angle, 6, and are representations of 
the airload time histories since 


a(t) =a, + sin’) (25 £t) 


where t indicates time. 
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These plots show the Cy, Cy, and 4C, variations during a pitch 
oscillation cycle at conditions other than those shown in 
Figures 19 through 28 of Volume I. Emphasis has been placed 
on low and high Mach number behavior and on high-frequency 


oscillations. Most of the plots present data for the symmetric 


airfoil, since Volume I emphasized the cambered airfoil. 


Figures 6 and 7 show the time histories of Cy, Cy, and ACp for 
the NACA 0006 airfoil oscillating at 12 Hertz for Mach numbers 
of 0.2 and 0.6 respectively. Figure & presents data for the 
Vertol 13006-.7 airfoil at a Mach number of 0.6 and at the 
same frequency as the data of Figure 7. 


Cycle histories of Cy, Cy, and 4Cp for the symmetric airfoil 
at frequencies higher than 12 Hertz are presented in Figures 
9, 10, and 11 for the symmetric airfoil only. 


Figure 9 presents data at a Mach number of 0.2 and a frequency 
of 72 Hertz. 


Figures 10 and 1l present data at a reduced frequency of 0.24 
for Mach numbers of 0.6 and 0.4. 


Figures 12 and 13 provide data on the Cy, Cy, and ACp behavior 
of the Vertol 13006-.7 airfoil operating at a Mach number of 
0.2 and a frequency of 48 Hertz. 
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Figure 1, Effect of Mach Number on the Dynamic Cy and 
Cy Versus a for Vertol 13006-.7 Airfoil at 
Ht f = 12 Hertz, Aa = 5°, and a, = 10°, 
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Cycle History of Cy, Cy, and ACp for NACA 0006 


Airfoil Oscillating in Pitch at M = 


Hertz, Oa = 5°, and a, = 7.5°. 
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ALAPOIL PITCH REFERENCE (8) - 


Cycle History of Cy, Cm, and ACp for NACA 0006 


Airfoil Oscillating in Pitch at M = 0.4, f£ = 48 


Hertz, Aa = 5°, and a, = 10°. 
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Cycle History of Cy, 
13006-.7 Airfoil Oscil 


Figure lj2. 
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INDEX TO COMPUTER DATA 


The airfoil type and test conditions are identified at the 
head of each set of data. Tables I through III refer the 
nominal values of these parameters to the page on which the 
data appear. The numbers of pages containing two sets of 

data are followed by the letter L or R, indicating whether the 


data are on the left or right side of the page. 


TABLE I. STATIC AIRFOIL DATA 


Airfoil 


NACA 0006 Airfoil 


Vertol 13006-.7 Airfoil 
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